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Table 10. Intake in grams per day of imported dietary items in the MLSc survey at

UJelang for children from 12 to 17 y.

Standard LQw High Proportion

Food Number Mean deviation value value of nonzeros

Baked bread 19

Fried bread 19

Pancakes 19

Cake 19

Rice 19

Instant potatoes 19

Sugar 19

Canned meat and

poultry 19

Canned fish 19

Carbonated drinks 19

Canned juices 19

Milk products 19

Onion 1

Ramen noodles 1—
TOTAL INDIVIDUAL

INTAKE 19

23.5

52.8

43.7

1.7

210.8

134.7

67.6

123.5

124.9

286.3

220.2

247.6

0

6.1

1537.6

23.3

36.8

48.9

2.6

98.3

159.3

27.5

84.8

11405

101.2

259

166.2

0

0

478.5

3.2

13.3

0

0

61.5

11.8

5.7

24.5

24.4

25.4

0

0

0

6.1

1108.6

90

139.5

166

10.1

343

710

85

364.4

509.5

355

1065

532.5

0

6.1

2720.9

1

1

0.95

0.63

1

1

1

1

1

1

0.9

0.9

0

1

I

28



I

I

Community A

(a) Maximum availability of local foods.

(b) Highly depressed local economy --living within income provided bysellingcopraa

(c) Low population.

(d) Little ornoability to buy imported food.

Community B

(a) Low availability of local foods except fish, which can constitute as much as

33% of the total diet, because of excellent fishing in the area.

(b) Over~pulated--resulting inlowavailability of local foods.

(c) Good supply of imported foods (supply boat comes in every 2 to 3wk) and

readily available jobs.

Community C

(a) Low availability of local foods, even fishing ispoor.

(b) Large government food program.

(c) Overpopulated.

(d) Good supply of imported foods and availability of cash to buy them.

The BNL data on the daily quantity of food prepared (or consumed) for the three

types of communities are listed in Table 11. The community diet pattern applied to each

atoll or island of the BNL survey is listed in Table 12. Naidu et al. of BNL feel that——

Bikini Atoll is representative of a community B diet pattern. However, because of our

observations of dietary habits of the people who were living on Bikini Atoll in 1977 and

1978 and the observed similarities in lifestyle between the Bikini and Enewetak people,

we have elected to apply the MLSC survey data to Bikini as well as Enewetak and

Ujelang Atolls (Table 12).5

Considering that the MLSC survey was conducted to ascertain individual

consumption and the BN L survey was conducted to ascertain food prepared for a family ~

the results of the two surveys do, for the most part, reinforce each other--especially

when the BNL survey admittedly probably overestimated the actual food consumed.

Therefore, for the purposes of this survey the amount of food prepared will be equivalent

to the amount consumed.

The largest discrepancy between the two surveys is for coconut fluid. The range in

the MLSC survey is 142 to 217 g/d for the average intake when imported foods are

available and unavailable, respectively. The range in the BNL survey for the average

prepared for a household is 305 g/d for community C to 1025 g/d for community A. The

29



Table 11. Quantity of food prepared (or consumed) per person per day (g/d) from the

BNL diet survey.

Food Community A Community B Community C

Coconut milk

Copra meat

Drinking coconut meat

Drinking coconut fluid

Sprouting coconut

Jekero

Pandanus

Breadfruit

Arrowroot

Fish

Pumpkin

Banana

Papaya

Sweet potatoes

Local vegetables

Poultry

Wild birds

Pork

Turtle

Lobster

Giant clams

Snails

octopus

Coconut crab

Clams (small)

277

246

259

1025

333

377

137

63

5*3

439

5.5

40

33

1

20

1.4

5.6

2.3

2.7

1.4

2.1

31

2.5

12

5.9

125

68

100

514

100

0

96

36

0

194

0

19

0

0

0

3

9

1.4

0.1

0.14

12

12

20

1

3

125

82

133

305

79

0

64

53

0

84

5

17

3.6

0

0

0

0.6

0.7

0.3

004

0

15

3

2

5
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Table 12. Diet survey and community diet pattern applied to each atoll or island.

B N L diet survey

Community A Community B Community C MSLC diet survey

Likiep Rongelap Kili Ujelang

Ailuk Utirik Majuro Enewetak

Wotho Rongerik Bikini

Bikar Ailinginae

Mejit (Bikini)a

Jemo Taka

a placed in community B according to Ref. 20; however, for purposes of this survey the
MLSC survey data is applied to Bikini Atoll.

prepared coconut meat in the BNL survey is 40 to 50% higher than that consumed

according to the MLSC survey. The Pandanus fruit prepared is nearly double the MLSC

consum pt ion value.

Fish consumption in the MLSC survey is within the range observed by BNL. The

intake of squash and papaya is also very similar in the two reports. However, intake of

shellfish, clams, coconut crabs9 domestic meat, wild birds, breadfruit? and arrowroot is

greater in the MLSC survey than in the BNL survey.

In evaluating all available data on dietary habits in the Marshall Islands there are a

few general conclusions to be drawn.

(1)

(2)

(3)

(4)

(5)

The dietary intakes used here are based on the most current diet surveys.

The dietary habits of a people are atoll specific and one should not arbitrarily

generalize from one atoll to another.

There k still some uncertainty as to what an average diet really k at any atoll.

Many factors can affect the average diet over any specific year.

Further atoll-specific dietary studies are needed to improve the precision of

the dose assessments.

Throughout our discussion of diet and estimated dose, three expressions are used

extensively: imports available, imports unavailable, and local foods. Imports-available

conditions exist when field ships arrive on schedule and imported and local foods are
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both available. Imports unavailable indicates a condition where there is an absence of

imported foods. Local foods is an LLN L expression for the locally grown foods of the

MLSC and BNL surveys. Under normal conditions, imported foods are preferred over

local food items. When imports are unavailable, it is assumed that local food

consumption increases and that the intake of imported foods would be much more

limited. This condition is then projected over a lifetime.

LIVING PATTER NS

Doses have been estimated for the major islands at each atoll assuming a

continuous residence on each island and all local food derived from that island. Some of

the islands listed are only used part time for residence or for agricultural purposes, but

we have estimated the dose assuming continuous occupation to indicate the dose relative

to current residence islands.

DOSE CALCULATIONS

BODY AND ORGAN WEIGHTS

Data from B NL have been summarized to determine the body weight of the

Marshailese people. 27,28
The average body weights of adult males are listed in

Table 13. The average, adult male body weight is 72 kg for Bikini, 71 kg for Enewetakt

61 kg for Rongelap, and 70 kg for Utirik; these are very near the 70-kg value of

reference man.
21

As a result, we have used 70 kg as the average body weight in our

dose calculations. The average body weight for 113 adult females in the Enewetak

population is 61 kg; it is 67 kg for 30 Utirik females and 63 kg for 36 Rongelap females. 27

DIET

The dietary intake data from the BNL survey and the maximum dietary intake

data determined for adult females from the MLSC survey are the values used in our dose

calculations. When the daily food intake in grams per day (Tables 4 and 11) are

multiplied by the radionuclide concentrations in the food products (Appendix A), we

obtain the average daily intake of radionuclides for the various atolls and islands

(Table 14).
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Table 13. Body weights of Marshallese adult males in kilograms.i

I

Standard

Atoll Number Mean deviation Minimum Maximum

Utirika 9 69 12.9 59.5 92.7

Bikinib 18 71.9 12.4 50 100.5

Rongelapa 22 61.2a 9.2 46.4 86.8

Enewetakb 130 71 14 37 126

TOTAL 179 69.8= 37 126

a Reference 28.
b Reference 27.
c Weighted mean.

THE 90SR METHODOLOGY

Bone-marrow doses and dose rates are calculated in two steps. First, the model of

Bennett29-31 is used to correlate the 90Sr concentrations in diet with that in mineral

bone. Second, the dosimetric model developed by Spiers 32 is used to calculate the

bone-marrow dose rate from the concentration in mineral bone.

Bennett’s empirical model is developed from
90

Sr concentrations found in foods and

autopsy bone samples from New York and San Francisco. The concentrations in the diet

are the concentrations expected to result from worldwide fallout. It uses as input the

90Sr concentration and the output is the actual
90Sr concentration in

actual dietary

mineral bone determined from analysis of autopsy samples. It also includes

age~ependent variations that allow us to make dose estimates for children as well as

adults. An estimate of the calcium content of the normal Marshallese diet is listed in

Table 15; the average intake is 0.8 g/d, which is very similar to the 0.9 g/d estimated for

U.S. diets. The model is rather insensitive to calcium intake unless it greatly exceeds

1 g/d or is less than 0.3 g/d.33 Therefore, the similar intake of calcium of the overall

Marshallese and U.S. diets would indicate no major problems in applying the
90

Sr model to

the Marshailese population.
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Table 14. Average daily intake of radionuclides from the consumption of local food

products in pCi/d in the Northern Marshall Islands when imported foods are available.

Atoll and island 137(-s 905r 239+240PU 241Am

Likiep

Agony

Kapenor

Likiep

Rikuraru

Mejit

Meji’t

Ailuk

Enijabro

Enejelar

Bigen

AguJue

Aliet

Ailuk

Bererjao

Kapen

Utirik

Aon

Utirik

Wotho

Medyeron

Wotho

Kabben

Ujelang

Ujelang

Taka

Taka

Eluk

944a (130)b

620 (93)

1190 (207)

749 (109)

1497 (212)

1001 (130)

1185(130)

1399 (227)

1171 (164)

1353(131)

1421 (176)

1719 (149)

1082 (160)

1311 (576)

956 (339)

466 (60)

380 (69)

326 (60)

(104)

190(115)

120 (80)

15.3 (2.3)

[7.3 (2.4)

15 (2)

10.2 (2)

7.09 (1 .58)

6.02 (1.72)

5.61 (1.75)

6.01 (1.76)

6.9 (1.76)

6.74 (1.88)

7.78 (1.68)

6.83 (1.86)

4.71 (1.65)

0.76 (0.1 5)

35.6

30 (3)

10 (1.7)

8.8 (1.9)

(2.27)

15.8 (3.9)

24.4 (4.3)

34

0.055 (0.013)

0.044 (0.01 1)

0.039 (0.0097)

0.044 (0.01 )

0.053 (0.013)

0.053 (0.016)

0.049 (0.015)

0.054 (0.016)

0.048 (0.01 5)

0.039 (0.01 3)

0.061 (0.01 7)

0.053 (0.015)

0.053 (0.01 6)

0.0095

0.077

0.18 (0.028)

0.081 (0.01 3)

0.081 (0.01 5)

(0.016)

0.06 (0.02 1)

0.068 (0.027)

0.029 (0.01 4)

0.022 (0.01 2)

0.022 (0.01 1)

0.023 (0.01 2)

0.02 (0.01 7)

0.016 (0.0082)

0.095 (0.0064)

25.6

0.016 (0.0076)

0.0066 (0.0058)

0.01 (0.0064)

0.017 (0.008)

76.2

0.001

0.001

0.015 (0.017)

0.015 (0.017)

0.019 (0.017)

(0.012)

0.012 (0.014)

0.0089 (0.01 2)
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Table 14. (Continued}

\

I
I

I
I

i

I

i

Atoll and island 137(-S 9osr 239+240PU 241Am

Rongelap

Kabelle

Eniaetak

Rongelap

Menu

Arbar

Naen

Rongerik

Eniwetak

Rongerik

Bikar

3aboerukku

Bikar

3emo

3emo

Ailinginae

Ucchawenen

Knox

Mogiri

Sifo

5451 (2168)

4667 (1617)

4271 (1425)

7997 (1852)

1687 (539)

12070 (2976)

2193 (823)

2183(1125)

829 (157)

1002 (144)

912 (152)

1717 (545)

3494 (844)

J688 (585)

585 (210)

1032 (115)

196 (19)

276 (24.8)

731 (64.4)

315 (34)

2861 (238)

213 (26.5)

655 (73.2)

324 (26.9)

54.6 (5.55)

20.6 (2.8)

46.1 (8.03)

2.57 (2.68)

158 (17)

91 (11.8)

0.5 (0.1 3)

0.26 (0.098)

0.27 (0.099)

0.34 (0.12)

0.27 (0.092)

0.73 (0021)

0.2 (0.089)

0.14 (0.067)

4.19 (0.48)

0.11 (0.023)

0.086 (0.01 8)

0.041 (0.02)

0.051 (0.026)

0.2 (0.065)

0.14 (0.048)

0.09 (0.05)

0.12 (0.043)

0.078 (0.04)

0.057 (0.034)

0.078 (0.036)

0.14 (0.048)

0.039 (0.018)

0.026 (0.01 7)

0.02 (0.012)

0.02 (0.01 2)

0.026 (0.01 3)

0.016 (0.014)

0.016 (0.015)

0.17 (0.014)

0.015 (0.014)

a Values not enclosed by parentheses are based on dietary intake according to the BNL
survey (Table 12).

b values in parentheses are based on dietary intake according to the MLSC survey

(Table 5).

Using Spiers’ model recalculate the dose rate Do to a small, tissue-filled cavity in

bone from the
90

Sr concentration in mineral bone. Then from geometrical considerations,

the dose rates to the bone marrow Dm and endosteal cells Ds are calculated using

conversion factors Din/Do = 0.32 and Ds/Do = 0.43, respectively. These factors are
34

quoted by the United Nations Scientific Committee on the Effects of Atomic Radiation
90

and are equivalent to a bone-marrow dose rate of 1.4 mrad/y per pCi Sr/g calcium and
90an endosteal cell dose rate of 1.9 mrad/y per pCi Sr/g calcium. These dose rates are
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Table 15. Average daily calcium intake for the Marshallese based on the MLSC diet when

imported foods are available.

Calcium Intake Calcium

Food (mg per 100 g)a (g/d) (mg/d)

Fish

Turtle

Meat

Breadfruit

Pandanus

Banana

Lobster

Milk

Coconut meat

Coconut fluid

Bread

Rice

Carbonated drink

Canned juices

Clams

Crabs

Potatoes

Eggs

Pancakes

TOTAL

20

110

12

22

10

7

45

120

10

30

84b

10
~b

gb

100

45

10

55

215

187

4.3

168

27

9.2

0.02

5.1

274

63

142

102

234

338

306

8.9

3.1

127

11

60

37

5

20

5.9

0.92

0.001

2.3

328

6.3

43

86

23

27

25

8.9

1.4

13

6.1

129

768C

a Reference 39.
b Reference 40.
c The comparable value for the BN L community B dietary pattern is about 1000 mg

and for the community A dietary pattern it is about 1140 mg.

determined directly and not by comparison to radium. Therefore rads are equivalent to

reins. Because bone marrow is considered a blood-forming organ (annual dose limit equals

500 mrem/y) and endosteal cells are in the other organ category (annual dose limit equals

1500 mrem/y), the bone marrow is the more sensitive organ in bone for 9osre35
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THE 137CS AND 60C0 METHODOLOGY

For 137c~and 60 Co, the methods of the ICRP22’36’37 and the National Council on

Radiation Protection and Measurements (NCRP)38

in their INDOS code39

as developed by Killough and Rohwer

are used for the dose calculations. This code is used as published;

however, the output is modified to show the body burdens for each year. For
137c~,

which is of major importance in the Marshall Islands, the model for adults consists of two

compartments with removal half-times of 2 and 110 d, with 10% of the intake going to

the 2-d compartment and 90% to the 11O-d compartment. These data are consistent with

preliminary data obtained by BNL on the half-time of the long-term compartment in the

Marshallese.40 The average results for ten Marshallese males showed a mean of 114 d

(range: 76 to 178 d) for the long-term compartment. For 21 females the mean value is

83 d (range 63 to 126 d). The gut transfer coefficient for 137CS is 1.

The half-time of 137
Cs in children is determined in two stages. The equation used to

determine the half-time of
137

Cs, developed by Snyder at Oak Ridge National
41

Laboratory, is T, /2 = 1.63 M, where M is the body mass in kilograms. The Masa

function of age is determined using equations given by Spiers.
32 When the Snyder and

Spiers equations are combined, the half-time as a function of age can be determined. The

average half-time using the above approach for ages 5 through 10 is about 42 d.

from B NL whole-body counting for 14 Marshallese children in this age bracket is

For ages 11 to 15, the Snyder-Spiers method gives an average half-time of about
27

while the BN L data for nine adolescents in this age bracket is 69 d.

TRANSURANIC RADIO NUCLIDES METHODOLOGY

Inhalation

Data

43 d.

70 d,

The inhalation model used for the various isotopes of plutonium and for
241 Am is

that of the ICRP Task Group. 21,42
Parameters for the lung model are also those of the

ICRP—the gut-to-blood transfer for plutonium isotopes is 10
-4 241

and for Am it is

5 x 10+ (see Ref. 23). Both 241 Am and plutonium are assumed to be class-W compounds.

Ingestion

for

For the ingestion pathway, the gut transfer coefficients are, as stated above, 10
-4

plutonium and 5 x 10-4 for 241 Am. The critical organs are bone and liver with 100+
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biological half-lives for plutonium and 214 Am in bone and 40 y in liver. Of the plutonium

and 241 Am transferred to blood, 45% is assumed to reach the bone and 45% is assumed to

reach the liver. The remaining 10% is distributed among other organs.

RESULTS

Here we present the predicted maximum annual dose rates and the 30- and 50-y

integral doses for the different living patterns and options starting in September 1978.

The doses are calculated using the average dietary intake, radionuclide concentration,

radionuciide fraction absorbed into the body from that ingested, biological residence

times,sand external dose rate. The maximum annual dose rate for the whole body for a

case where an atoll or island is yet to be resettled is defined as the dose rate in that year

after the Marshallese return when the sum of the ingestion whole-body dose from 137CS

and the external gamma dose is a maximum. For bone marrow, the maximum occurs
137

90Sr and the external gamma dosewhen the ingestion bone-marrow dose from Cs and

is a maximum.

The maximum, annual whole-body and bone-marrow dose rates for the major islands

at each atoll are listed in Table 16 for the MLSC diet and for the appropriate BNL diet.

This gives the range of doses that might be expected at an atoll depending on the dietary

conditions. The estimated doses include the contribution from all of the major exposure

pathways excluding the 22 mrem/y of natural background exposure from cosmic

radiation. 6
The doses are calculated assuming that people would be living full time on the

listed island, with all of their local foods from that island. This includes islands at atolls

that are currently uninhabited. At each inhabited atoll we have included the islands that

we were able to determine were being used as a residence or partial residence island or

as major agricultural island. At uninhabited atolls we have included the major islands

that might possibly be used for residence.

All of the inhabited atolls except Rongelap and many of the uninhabited atolls have

annual doses of less than 30 mrem/y, regardless of the assumed diet. The range is from

about 3 to 6 mrem/y for the MLSC diet to 20 to 29 mrem/y for the BNL diets. The doses

at uninhabited Ailinginae Atoll would range from 13 to 90 mrem/y for the MLSC and BN L

diets, respectively. The doses at the southern residence islands at Rongelap Atoll range

from 35 to 58 mrem/y for the MLSC diet and from 55 to 135 mrem/y for the BNL diet.

If Rongerik were continually inhabited, the respective range of doses would be 42 to
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I
I Table 16. Maximum, mrvml wtmle-body md lmrw-rmsrmw dose r~”ks ir~ rwrwm/y b tk

various diets at the Northern Marshall Islands.

Atoll and island

BNL BNL

community B community A

MLSC diet diet pattern diet pattern

Whole Bone Whole Bone Whole Bone

body marrow body marrow body marrow

Likiep (L)a

Agony (45)b 3.7 4 -- .- 18 20

Kapenor (55) 3.2 3.4 -- 13 14

Likiep (37) 5.2 5.4 -- -- 23 25

Rikuraru (2) 3.4 3.6 -- 14 15

Mejit (R)

Mejit (1) 5.9 6.0 -- 31 32

Ailuk (A)

Enijabro (2)

Enejelar (4)

Bigen (7)

Agulue (53)

Aliet (20)

Ailuk (51)

Bererjao (33)

Kapen (1)

Utirik (I)

Aon (8)

Utirik (6)

Wotho (M)

Med yeron

Wotho (4)

Kabben (17)

Ujelang (3)

Ujelang (18)

3.9

4.1

5.9

4.5

3*9

4.7

4.1

4.7

4.1

4.2

6.1

4.7

4*I

4.9

4.3

4.8

15

11

2.4

2.5

2.5

16

12

2.7

2.7

2.7

--

--

--

--

--

29

22

--

--

--

--

--

--

31

24

--

--

20

24

29

24

27

29

34

22

21

24

29

25

28

30

35

23

--

10

8.6

7.7

--

--

14

9.6

8.7

3.3 3.5 5.7 6.2 --



Table i 6. (Continued)

BNL BNL

community B community A

MLSC diet diet pattern diet pattern

Whole Bone Whole Bone Whole Bone

Atoll and island body marrow body marrow body marrow

Taka (H)

Taka (4)

Eluk (5)

Rongelap (F)

Kabelle (13)

Eniaetok (33)

Rongelap (42)

Menu (23)

Arbar (43)

Naen (1)

Rongerik (G)

Eniwetak (11)

Rongerik (6)

Bikar (D)

Jaboerukku (1)

Bikar (4)

lemo (S)

Jemo (1)

Ailinginae (C)

Ucchuwanen (15)

Knox (10)

Mogiri (24)

Sifo (27)

4.8

3.6

130

95

56

91

35

325

42

60

6.1

6.0

4.2

22

25

24

13

5.3

4

140

100

58

97

39

330

45

66

10

6.6

4.5

24

27

26

14

6.1

3.8

200

150

110

200

55

490

69

81

.-

--

--

44

76

44

20

7.0

4.3

300

220

135

270

90

580

73

90

--

54

87

58

25

--

--

--

--

--

--

--

--

19

23

14

--

--

--

--

.-

--

--

--

--

--

--

--

--

--

69

30

16

--

--

--

--

a Code letter for atoll.
b Code number for island.
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66 mrem/y and 69 to 90 mrem/y for the 2 diets. If the northern islands at Rongelap were

inhabited continuously, the estimated doses for the various islands would range from 90 to

330 mremiy for the MLSC diet and from 150 to 580 mrem/y for the BNL diet.

For reference, these doses can be compared with U.S. external background doses of

54 mremly weighted for the entire U.S. population; 107 mrem/y for Denver, Colorado; and
43about 182 mrem/y for Leadville, Colorado. A more detailed discussion of the U.S.

external background doses is given in the summary. For further reference, the estimated

doses at the atolls, even though they are calculated using average values, can be

compared to the U.S. Federal guideline of 500 mrem/y in excess of background for an

individual.44

The 30- and 50-y integral doses are listed in Tables 17 and 18, respectively, for all

atolls. For Likiep, Wotho, Ujelang, Mejit, Ailuk, Taka, Jemo, and Bikar the 30-y integral

doses all fall between 0.055 and 0.14 rem for the MLSC diet and between 0.09 and 0.7 rem

for the BNL diet. Doses for Utirik range from 0.25 to 0.72 rem for the MLSC diet and

the BNL diet, respectively. If Rongerik were inhabited continuously, the estimated doses

would range from 0.94 to 1.6 rem for the MLSC diet and 1.5 to 3.8 rem for the BNL diet.

The inhabited southern islands of Rongelap Atoll have 30-y integral, whole-body

doses for the MLSC diet ranging from 0.76 to 1.3 rem and for the BNL diet they range

from 1.2 to 2.5 rem. If the northern islands of Rongelap were populated continuously, the

estimated doses for the MLSC diet would range from 2 to 7.4 rem and for the BNL diet

they would range from 3.4 to 14 rem.

These 30-y integral, whole-body doses can be compared with the recommended,

maximum population dose of 5 rem above background in 30 y according to the U.S.

Federal guidelines.
44

With the exception of the uninhabited northern islands of Rongelap

and the uninhabited Rongerik, the estimated doses are for the most part from 5 to 100

times less than this guideline.

Tables 19 and 20 list the 30-y integral doses for Likiep and Rongelap Islands,

respectively, with the contributions of the various radionuclides to the total dose. AS
137observed at Enewetak and Bikini, Cs is the major contributor to the estimated dose.

Second is 90 Sr, with the transuranic radionuclides plutonium and americium being

relatively minor contributors. Likiep and Rongelap Islands are representative of all of

the atolls and islands as far as the relative significance of the various radionuclides.
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Table 17. The 30-y integral, whole-body and bone-marrow doses in rem for the various

diets at the Northern Marshall Islands.

BNL BNL

community B community A

MLSC diet ~ ~rn......"....".................................."..
Whole Bone Whole Bone Whole Bone

Atoll and island body marrow body marrow body marrow

Likiep (L)a

Ago~y (45)b

Kapenor (55)

Likiep (37)

Rikuraru (2)

Mejit (R)

Mejit (1)

Ailuk (A)

Enijabro (2)

Enejelar (4)

Bigen (7)

Agulue (53)

Aliet (20)

Ailuk (51)

Bererjao (33)

Kapen (1)

Utirik (1)

Aon (8)

Utirik (6)

Wotho (M)

Medyeron (1)

Wotho (4)

Kabben (17)

Ujelang (J)

Ujelang (18)

..——. -.—.

0.085

0.072

0.12

0.077

0.13

0.089

0.092

0.13

0.10

0.088

0.11

0.092

0.11

0.35

0.25

0.055

0.057

0.057

0.075

0.094

0.080

0.13

00084

0.14

0.094

0.098

0.14

0.11

0.095

0.11

0.099

0.11

0.37

0.27

0.065

0.063

0.065

0.082

--

--

--

--

--

0.65

0.49

0.13

0.72

0.59

--

0.15

0.41

0.28

0053

0.33

0.71

0.46

0.54

0.65

0.54

0.61

0.65

0.77

0.50

--

--

0.24

0.2

O*I8

--

0.47

0.34

0.58

0.36

0.73

0.48

0.56

0.67

0.57

0.64

0.68

0.80

0.52

--

0.33

0.23

0.21

42



Table 17. (Continued)

BNL BNL

community B community A

MLSC diet diet pattern diet pattern

whole $one Whole Bone Whole Bone

Atoll and island body marrow body marrow body marrow

Taka (H)

Taka (4)

Eluk (5)

Rongelap (F)

Kabelle (13)

Eniaetok (33)

Rongelap (42)

Menu (23)

Arbar (43)

Naen (1)

Rongerik (G)

Eniwetak (11)

Rongerik (6)

Bikar (D)

Jaboerukku (1)

Bikar (4)

Jemo (S)

Jemo (1)

Ailinginae (C)

Ucchuwanen

Knox (10)

Mogiri (24)

Sifo (27)

(15)

0.11

0.082

2.9

2.1

1.3

2

0.76

7.1

0.94

1.3

0.14

0.14

0.096

0.5

0.13

0.096

3.3

2.3

1.4

2.2

0.92

7.4

1.0

1.6

0.26

0.16

0.11

0.58

0.56

0.53

0.28

0.64

0.61

0.32

0.14

0.085

4.4

3.4

2.5

4.4

1.2

11

1.5

1.8

.-

--

--

1

1.7

1

0.45

0.17

0.11

7.7

5.5

3.3

6.8

2.3

14

1.7

2.1

--

--

--

1.3

0.44

0.52

0.33

.—

2.1

1.4 --

0.62

--

--

--

--

--

--

--

--

--

1.8

0.73

0.39

--

--

--

a Code letter for atoll.
b Code number for island.
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Table 18. The 50-y integral, whole-body and bone-marrow doses in rem for the various

diets at the Northern Marshall Islands.

BNL BNL

community B community A

MLSC diet diet pattern diet pattern

Whole Bone Whole Bone Whole Bone

Atoll and island body marrow body marrow body marrow

Likiep (L)a

Agony (45)b

Kapenor (55)

Likiep (37)

Rikuraru (2)

Mejit (R)

Mejit (1)

Ailuk (A)

Enijabro (2)

I%ejelar (4)

Bi:[y:n (Z)

Agulue (53)

Aliet (20)

Ailuk (51)

Bererjao (33)

Kapen (1)

Utirik (I)

Aon (8)

Utirik (6)

Wotho (M)

Medyeron (1)

Wotho (4)

Kabben (17)

Ujelang (J)

Ujelang (18)

. .. . . . .. .——.—. . . ..— ——.

0.12

0.098

0.16

0.11

0.18

O*12

0.13

1[11. II‘9

0.14

0.12

0.15

0013

0.15

0.48

0.34

0.075

0.078

0.079

0.10

—-—— —..,...

0.13

0.11

0.17

0.12

0.19

0.13

0.14

0<,II‘9

0.15

0.13

0.16

0.14

0.15

0.51

0.37

0.091

0.088

00091

0.11

44

--

--

--

,....>

--

--

0.89

0.67

--

--

0.18

--

--

--

--

--

.....

.-

--

--

--

--

1●o

0.82

--

--

0.21

0.56

0.39

0.73

0.45

0.97

0.64

0.74
,[),,;iy]

0.’74

0.84

0.89

1

0.69

--

0.32

0.27

0.24

--

0.66

0.47

0080

0.50

1.0

0.67

0.77

0.’9:?

~o;?g

0.89

0.94

1.1

0.72

--

--

0.47

0.32

0.29

--
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0.89
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1A

!1:$

20JI
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1.4

2.4

1.4

0.61
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1.9

2.9

2.0

0.86
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a Code letter for atoll.

b Code letter for island.
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Table 19. The contribution of each radionuclide to the 30-y integral doses at Likiep Island.

30-Y integral dose (rem)

Whole body Bone marrow

MLSC diet MLSC diet

(imports BNL diet (imports BNL diet

Pathway and rmclide available) (community A) available) (community A)

Ingestion

137CS 0.092 0.50 0.092 0.51

90sp 0.0064 0.046

239+240Rl . . 0.000016 0.000097

241Am -- 0.00011 0.00033

Inhalation

239+240Pu 0.00014 0.00014

241Am 0.00011 0.00011

TOTAL 0.12 0.53 0.13 0.58

a The actual external doses will be less than those listed here because of shielding by
houses and other buildings and coral gravel spread around the houses.



Table 20. The contribution of each radionuclide to the Xl-y integral doses at Rongelap

Island.

30-y integral dose (rem)
Whole body Bone marrow

MLSC diet MLSC diet

Pathway and nuclide
(imrxwts BNL diet (imports BNL diet
available) (community B) available) (community B)

Ingestion

137CS 0.64 1.8 0.64 1.8

90Sr .- 0.080 0.87
239+240PU -- 0.00018 0.00051
241 *m .- 0.00047 0.0012

External garnmaa

137Cs i 60co 0.62 O*62 0.62 0.62

Inhalation
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Table A-72. Radhmmdide concentrations in local marine products (pCi/g wet weight) for

Ailinginae AtoH.

Food 137CS 90Sr 239+240Pu 241Am

Reef fish

Tuna
Mah i mah i
Marine crabs

Lobster
C lams

Trochus
Tridacna muscle
Jedrul
octopus

Turtle
Turtle eggs

1.6oe-02
1.60e-02
1.60e-02

4.80e-04
4.80e-04
5.60e-04

5.60e-04

5.60e-04
5.60e-04

8.f30e-03
2.56e-03

2.56e-03

4.30e-04
4.30e-04

4.30e-04
1.08e-03
1.08e-03
7.00e-04

7.00e-04
7.00e-04
‘7.00e-04

1.08e-03

1.63e-04
1.63e-04

8.50e-05
8.50e-05

8.50e-05
3.82e-04
3.82e-04

1.60e-03

1.60e-03

1.60e-03
1.60e-03
9.35e-05
2.89e-05

2.89e-05

2.80e-05
2.60e-05

2.80e-05
1.26e-04
1.26e-04
5.00e-04

5.00e-04

5.00e-04
5.00e-04
3.08e-05
9.52e-06
9.52e-06

NOTE: Value following e notation indicates powerof ten. For example, 1.00e-05 is equal
to 1.00X 10-5.
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Jemo (S)

Jemo (1)

Ailinginae (C)

Ucchuwanen (15)

Knox (10)

Mogiri (24)

Sifo (27)

Ribinouri (19)

Enibuk (23)

Manchinikson (25)

Kuobuen (18)

Majokoryaan (8)
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0.011

--

0.63

0.39

0.18

0.43

2.1

0.41

0.45

0.94

0.0093

--

0.35

0.31

0.19

0.34

1.1

0.44

0.27

0.54

<0.016

--

<().25

0.23

0.18

0033

<0.75

0.34

0.19

0.48

<0.016

--

<0.18

0.15

0.13

0.22

<0.46

0.25

0.13

0.50

<0.018

--

<0.13

0.098

--

0014

<0.32

0.16

0.08

0.34

a Code letter for atoll.
b Code number for atoll.



M ALR.!N-IAL.LMIE s I?IL’LI[ N G OF A ‘To’[”][.sl AN L’) Is 1../+IN 1[3’sOF’ THE

N clIF?.T l-lEl? N MPiR,:5l-iAIL1..Pi LA P+l[3!$

~..~~.u!..!.......!....M...wm....p.m.....p...............m...." ....... .." ...... ............................................""""...... .. ............... ...... ..



It he I\/l,;!, r !$IW1 II11(:!s!1[:6!

(
f., #.,
b.. -.,1.

. .. .... . ... . . .. .... . ..
1lllIlllllllllIflllllllIlllllll~lllIll~llIl~llllllllllllIlJr ~~lillllllllllllllIllllllIlllllIllIIIllll~llllllllllllllllI~IIllllllltlilllllllllllIIlIllrIIlll~l~I


